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Abstract

        
Maternal oxygenation (MO) is widely applied in obstetrics. Scholars have conducted numerous studies on maternal hyperoxygenation and have reported many theoretical and applied achievements and a number of different points of view. The main purpose of this article is to discuss the effect of maternal oxygenation on fetal circulation during normal and complicated pregnancies and to ascertain its potential side effects and research gaps in this field. In complicated pregnancies, the fetus may benefit from oxygen therapy. However, large randomized controlled trials and longitudinal studies are necessary to support the widespread application of maternal oxygenation in this context.
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Zusammenfassung

        
Die maternale Oxygenierung (MO) findet in der Geburtshilfe breite Anwendung. Wissenschaftler haben zahlreiche Studien zur maternalen Hyperoxygenierung durchgeführt sowie über viele Errungenschaften in Theorie und Praxis und über einige unterschiedliche Auffassungen berichtet. Das Hauptziel dieses Artikels besteht darin, den Einfluss der maternalen Oxygenierung auf den fetalen Kreislauf bei normalen und komplizierten Schwangerschaften zu diskutieren und potenzielle Nebenwirkungen sowie Forschungslücken auf diesem Gebiet zu ermitteln. Bei komplizierten Schwangerschaften kann der Fötus von einer Sauerstofftherapie profitieren. Allerdings sind große randomisierte kontrollierte Studien und Langzeitstudien notwendig, um den allgemein verbreiteten Einsatz der maternalen Oxygenierung in diesem Zusammenhang zu befürworten.

      


        
[bookmark: N10E05]
Key words

        maternal oxygenation - 
        fetus - 
        complicated pregnancy - 
        CHD
      





[bookmark: info]
Publication History

Received: 29 October 2019


Accepted: 12 May 2020


Article published online:
24 September 2020



© 2020. Thieme. All rights reserved.

Georg Thieme Verlag KG
Rüdigerstraße 14, 70469 Stuttgart, Germany




 

[bookmark: ]

[bookmark: N1110F]
	
References


	
[bookmark: JR160-1]1 
          
            Stembera ZK. 
          
        The influence of O2 inhalation of the parturient on the fetus; I. Report. Arch Gyniik 1956; I87: 595 





PubMedGoogle Scholar





	
[bookmark: JR160-2]2 
          
            Young DC, 
          
          
            Popat R, 
          
          
            Luther ER. 
          
        et al. Influence of maternal oxygen administration on the term fetus before labor. Am J Obstet Gynecol 1980; 136: 321-324 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-3]3 
          
            Siriussawakul A, 
          
          
            Triyasunant N, 
          
          
            Nimmannit A. 
          
        et al. Effects of Supplemental Oxygen on Maternal and Neonatal Oxygenation in Elective Cesarean Section under Spinal Anesthesia: A Randomized Controlled Trial. Biomed Res Int 2014; 2014: 627028 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-4]4 
          
            Khaw KS, 
          
          
            Wang CC, 
          
          
            Ngan Kee WD. 
          
        et al. Effects of high inspired oxygen fraction during elective caesarean section under spinal anaesthesia on maternal and fetal oxygenation and lipid peroxidation. Br J Anaesth 2002; 88: 18-23 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-5]5 
          
            Yalcin S, 
          
          
            Aydoğan H, 
          
          
            Kucuk A. 
          
        et al. Supplemental oxygen in elective cesarean section under spinal anesthesia: Handle the sword with care. Braz J Anesthesiol 2013; 63 (05) 393-397 





PubMedGoogle Scholar





	
[bookmark: JR160-6]6 
          
            Khaw KS, 
          
          
            Wang CC, 
          
          
            Ngan Kee WD. 
          
        et al. Supplementary oxygen for emergency Caesarean section under regional anaesthesia. Br J Anaesth 2009; 102: 90-96 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-7]7 
          
            Ahuja V, 
          
          
            Gombar S, 
          
          
            Jaswal S. 
          
        et al. Effect of maternal oxygen inhalation on foetal free radical activity: a prospective, randomized trial. Acta Anaesthesiol Scand 2018; 62: 26-37 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-8]8 
          
            Schidlow DN, 
          
          
            Donofrio MT. 
          
        Prenatal Maternal Hyperoxygenation Testing and Implications for Critical Care Delivery Planning among Fetuses with Congenital Heart Disease: Early Experience. Am J Perinatol 2018; 35: 16-23 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR160-9]9 
          
            Szwast A, 
          
          
            Tian Z, 
          
          
            McCann M. 
          
        et al. Vasoreactive response to maternal hyperoxygenation in the fetus with hypoplastic left heart syndrome. Circ Cardiovasc Imaging 2010; 3: 172-178 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-10]10 
          
            Enzensberger C, 
          
          
            Axt-Fliedner R, 
          
          
            Degenhardt J. 
          
        et al. Pulmonary Vasoreactivity to Materno-Fetal Hyperoxygenation Testing in Fetuses with Hypoplastic Left Heart. Ultraschall in Med 2016; 37: 195-200 





PubMedGoogle Scholar





	
[bookmark: JR160-11]11 
          
            Broth RE, 
          
          
            Wood DC, 
          
          
            Rasanen J. 
          
        et al. Prenatal prediction of lethal pulmonary hypoplasia: the hyperoxygenation test for pulmonary artery reactivity. Am J Obstet Gynecol 2002; 187: 940-945 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-12]12 
          
            Done E, 
          
          
            Allegaert K, 
          
          
            Lewi P. 
          
        et al. Maternal hyperoxygenation test in fetuses undergoing FETO for severe isolated congenital diaphragmatic hernia. Ultrasound Obstet Gynecol 2011; 37: 264-271 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-13]13 
          
            DeKoninck P, 
          
          
            Jimenez J, 
          
          
            Russo FM. 
          
        et al. Assessment of pulmonary vascular reactivity to oxygen using fractional moving blood volume in fetuses with normal lung development and pulmonary hypoplasia in congenital diaphragmatic hernia. Prenat Diagn 2014; 34: 977-981 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-14]14 
          
            Channing A, 
          
          
            Szwast A, 
          
          
            Natarajan S. 
          
        et al. Maternal hyperoxygenation improves left heart ﬁlling in fetuses with atrial septal aneurysm causing impediment to left ventricular inﬂow. Ultrasound Obstet Gynecol 2015; 45: 664-669 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-15]15 
          
            Lara DA, 
          
          
            Morris SA, 
          
          
            Maskatia SA. 
          
        et al. Pilot study of chronic maternal hyperoxygenation and effect on aortic and mitral valve annular dimensions in fetuses with left heart hypoplasia. Ultrasound Obstet Gynecol 2016; 48: 365-372 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-16]16 
          
            Zeng S, 
          
          
            Zhou J, 
          
          
            Peng Q. 
          
        et al. Sustained maternal hyperoxygenation improves aortic arch dimensions in fetuses with coarctation. Sci Rep 2016; 6: 39304 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-17]17 
          
            Kohl T. 
          
        Chronic intermittent maternofetal hyperoxygenation in late gestation may improve on hypoplastic cardiovascular structures associated with cardiac malformations in human fetuses. Pediatr Cardiol 2010; 31: 250-263 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-18]18 
          
            Zeng S, 
          
          
            Zhou J, 
          
          
            Peng Q. 
          
        et al. Sustained Chronic Maternal Hyperoxygenation Increases Myocardial Deformation in Fetuses with a Small Aortic Isthmus at Risk for Coarctation. J Am Soc Echocardiogr 2017; 30: 992-1000 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-19]19 
          
            Borik S, 
          
          
            Macgowan CK, 
          
          
            Seed M. 
          
        Maternal hyperoxygenation and foetal cardiac MRI in the assessment of the borderline left ventricle. Cardiol Young 2015; 25: 1214-1217 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-20]20 
          
            Mari G, 
          
          
            Hanif F. 
          
        Fetal doppler: Umbilical artery, middle cerebral artery, and venous system. Semin Perinatol 2008; 32: 253-257 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-21]21 
          
            Sørensen A, 
          
          
            Peters D, 
          
          
            Simonsen C. 
          
        et al. Changes in human fetal oxygenation during maternal hyperoxia as estimated by BOLD MRI. Prenat Diagn 2013; 33: 141-145 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-22]22 
          
            Sørensen A, 
          
          
            Sinding M, 
          
          
            Peters DA. 
          
        et al. Placental oxygen transport estimated by the hyperoxic placental BOLD MRI response. Physiol Rep 2015; 3: e12582 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-23]23 
          
            Huen I, 
          
          
            Morris DM, 
          
          
            Wright C. 
          
        et al. Absence of PO2 change in fetal brain despite PO2 increase in placenta in response to maternal oxygen challenge. BJOG 2014; 121: 1588-1594 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-24]24 
          
            Vyas S, 
          
          
            Nicolaides KH, 
          
          
            Bower S. 
          
        et al. Middle cerebral artery flow velocity waveforms in fetal hypoxemia. Br J Obstet Gynaecol 1990; 97: 797-803 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-25]25 
          
            Rasanen J, 
          
          
            Huhta JC, 
          
          
            Weiner S. 
          
        et al. Fetal branch pulmonary arterial vascular impedance during the second half of pregnancy. Am J Obstet Gynecol 1996; 174: 1441-1449 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-26]26 
          
            Kelly MC, 
          
          
            Fitzpatrick KT, 
          
          
            Hill DA. 
          
        Respiratory effects of spinal anaesthesia for caesarean section. Anaesthesia 1996; 51: 1120-1122 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-27]27 
          
            Cogliano MS, 
          
          
            Graham AC, 
          
          
            Clark VA. 
          
        Supplementary oxygen administration for elective Caesarean section under spinal anaesthesia. An aesthesia 2002; 57: 66-69 





PubMedGoogle Scholar





	
[bookmark: JR160-28]28 
          
            Khatib N, 
          
          
            Thaler I, 
          
          
            Beloosesky R. 
          
        et al. The effect of maternal hyperoxygenation on fetal circulatory system in normal growth and IUGR fetuses. What we can learn from this impact. J Matern Fetal Neonatal Med 2018; 31: 914-918 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-29]29 
          
            Manabe A, 
          
          
            Hata T, 
          
          
            Hata K. 
          
        et al. Maternal oxygen administration and fetal blood flow velocity waveforms in AGA and SGA infants. Int J Gynaecol Obstet 1992; 37: 211-212 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-30]30 
          
            Meyenburg M, 
          
          
            Bartnicki J, 
          
          
            Saling E. 
          
        The effect of maternal oxygen administration on fetal and maternal blood flow values using Doppler ultrasonography. J Perinat Med 1991; 19: 185-190 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-31]31 
          
            Arduini D, 
          
          
            Rizzo G, 
          
          
            Mancuso S. 
          
        et al. Short-term effects of maternal oxygen administration on blood flow velocity waveforms in healthy and growth-retarded fetuses. Am J Obstet Gynecol 1988; 159: 1077-1080 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-32]32 
          
            Almstrom H, 
          
          
            Sonesson SE. 
          
        Doppler echocardiographic assessment of fetal blood flow redistribution during maternal hyperoxygenation. Ultrasound Obstet Gynecol 1996; 8: 256-261 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-33]33 
          
            Rasanen J, 
          
          
            Wood DC, 
          
          
            Debbs RH. 
          
        et al. Reactivity of the human fetal pulmonary circulation to maternal hyperoxygenation increases during the second half of pregnancy: a randomized study. Circulation 1998; 97: 257-262 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-34]34 
          
            Rizzo G, 
          
          
            Arduini D, 
          
          
            Romanini C. 
          
        et al. Effects of maternal hyperoxygenation on atrioventricular velocity waveforms in healthy and growth-retarded fetuses. Biol Neonate 1990; 58: 127-132 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-35]35 
          
            Nicolaides KH, 
          
          
            Campbell S, 
          
          
            Bradley RJ. 
          
        et al. Maternal oxygen therapy for intrauterine growth retardation. Lancet 1987; 1: 942-945 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-36]36 
          
            Battaglia C, 
          
          
            Artini PG, 
          
          
            D’Ambrogio G. 
          
        et al. Maternal hyperoxygenation in the treatment of intrauterine growth retardation. Am J Obstet Gynecol 1992; 167: 430-435 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-37]37 
          
            Say L, 
          
          
            Gülmezoglu AM, 
          
          
            Hofmeyr GJ. 
          
        Maternal oxygen administration for suspected impaired fetal growth. Cochrane Database Syst Rev 2003; 1: CD000137 






PubMedGoogle Scholar





	
[bookmark: JR160-38]38 
          
            Bilardo CM, 
          
          
            Snijders RM, 
          
          
            Campbell S. 
          
        et al. Doppler study of the fetal circulation during long-term maternal hyperoxygenation for severe early onset intrauterine growth retardation. Ultrasound Obstet Gynecol 1991; 1: 250-257 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-39]39 
          
            de Rochambeau B, 
          
          
            Poix D, 
          
          
            Mellier G. 
          
        Maternal hyperoxygenation: a fetal blood flow velocity prognosis test in small-for-gestational-age fetuses?. Ultrasound Obstet Gynecol 1992; 2: 279-282 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-40]40 
          
            Aditya I, 
          
          
            Tat V, 
          
          
            Sawana A. 
          
        et al. Use of Doppler velocimetry in diagnosis and prognosis of intrauterine growth restriction (IUGR): A Review. J Neonatal Perinatal Med 2016; 9: 117-126 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-41]41 
          
            Arduini D, 
          
          
            Rizzo G, 
          
          
            Garzetti GG. 
          
        et al. Analysisof risk factors inﬂuencing imminent distress in growth-retarded fetuses undergoing oxygen test. Biol Neonate 1993; 63: 341-348 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-42]42 
          
            Rizzo G, 
          
          
            Arduini D, 
          
          
            Romanini C. 
          
        et al. Doppler echocardiographic assessment of time to peak velocity in the aorta and pulmonary artery of small for gestational age fetuses. BJOG 1990; 7: 603-607 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-43]43 
          
            Simpson KR, 
          
          
            James DC. 
          
        Efﬁcacy of intrauterine resuscitation techniques in improving fetal oxygen status during labor. Obstet Gynecol 2005; 105: 1362-1368 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-44]44 
          
            Haydon ML, 
          
          
            Gorenberg DM, 
          
          
            Nageotte MP. 
          
        et al. The effect of maternal oxygen administration on fetal pulse oximetry during labor in fetuses with nonreassuring fetal heart rate patterns. Am J Obstet Gynecol 2006; 195: 735-738 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-45]45 
          
            Althabe Jr O, 
          
          
            Schwarcz RL, 
          
          
            Pose SV. 
          
        et al. Effects on fetal heart rate and fetal pO2 of oxygen administration to the mother. Am J Obstet Gynecol 1967; 98: 858-870 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-46]46 
          
            Fawole B, 
          
          
            Hofmeyr GJ. 
          
        Maternal oxygen administration for fetal distress. Cochrane Database Syst Rev 2012; 12: CD000136 






PubMedGoogle Scholar





	
[bookmark: JR160-47]47 
          
            Graupner O, 
          
          
            Enzensberger C, 
          
          
            Axt-Fliedner R. 
          
        New Aspects in the Diagnosis and Therapy of Fetal Hypoplastic Left Heart Syndrome. Geburtshilfe Frauenheilkd 2019; 79: 863-872 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR160-48]48 
          
            Porayette P, 
          
          
            Madathil S, 
          
          
            Sun L. 
          
        et al. MRI reveals hemodynamic changes with acute maternal hyperoxygenation in human fetuses with and without congenital heart disease. Prenat Diagn 2016; 36: 274-281 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-49]49 
          
            Sun L, 
          
          
            Macgowan CK, 
          
          
            Sled JG. 
          
        et al. Reduced fetal cerebral oxygen consumption is associated with smaller brain size in fetuses with congenital heart disease. Circulation 2015; 131: 1313-1323 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-50]50 
          
            Szwast A, 
          
          
            Putt M, 
          
          
            Gaynor JW. 
          
        et al. Cerebrovascular response to maternal hyperoxygenation in fetuses with hypoplastic left heart syndrome depends on gestational age and baseline cerebrovascular resistance. Ultrasound Obstet Gynecol 2018; 52: 473-478 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-51]51 
          
            Thorp JA, 
          
          
            Trobough T, 
          
          
            Evans R. 
          
        et al. The effect of maternal oxygen administration during the second stage of labor on umbilical cord blood gas values: a randomized controlled prospective trial. Am J Obstet Gynecol 1995; 172: 465-474 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-52]52 
          
            Sirimai K, 
          
          
            Atisook R, 
          
          
            Boriboonhirunsam D. 
          
        The correlation of intrapartum maternal oxygen administration and umbilical cord blood gas values. Acta Obstet Gynecol Scand Suppl 1997; 76: 90 





PubMedGoogle Scholar





	
[bookmark: JR160-53]53 
          
            Edwards LA, 
          
          
            Lara DA, 
          
          
            Sanz Cortes M. 
          
        et al. Chronic Maternal Hyperoxygenation and Effect on Cerebral and Placental Vasoregulation and Neurodevelopment in Fetuses with Left Heart Hypoplasia. Fetal Diagn Ther 2019; 46: 45-57 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-54]54 
          
            Nesterenko TH, 
          
          
            Acun C, 
          
          
            Mohamed MA. 
          
        et al. Is it a safe practice to administer oxygen during uncomplicated delivery: a randomized controlled trial?. Early Hum Dev 2012; 88: 677-681 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR160-55]55 
          
            Figueroa-Diesel H, 
          
          
            Hernandez-Andrade E, 
          
          
            Acosta-Rojas R. 
          
        et al. Doppler changes in the main fetal brain arteries at different stages of hemodynamic adaptation in severe intrauterine growth restriction. Ultrasound Obstet Gynecol 2007; 30: 297-302 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 34.207.100.160
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  